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Abstract:  
Heterocyclic compounds are the most global moieties in chemical compounds which exhibit wide spectrum of 
pharmacological activities. Multicomponent reactions are important tool in the hands of organic 
chemist’s,researcher. Since they offer improved atom economy for construction of complex molecules over the 
stepwise liner convergent synthesis. A simple,  efficient and   green protocol has been developed for the synthesis 
phenyl 1H-Indazolo [1,2-b] Phthalazine trione derivatives from a one pot four  componant condensation of Phthalic 
anhydride, Hydrazine hydrate, Dimedone  and different substituted aromatic aldehydes was refluxed independently 
in ethanol using Cesium Chloride as an efficient catalyst. Synthesized compounds were screened for their Anti-
oxidant activity. These newly synthesized compounds were evaluated by their spectral analysis. 
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INTRODUCTION: 
Multi-component reactions (MCRs) offer a number 
of fascinating and challenging transformations in 
organic synthesis [1-7]. In the past few decades, the 
synthesis of novel heterocyclic compounds has been 
received a great deal of attention, most notably for 
the construction of heterocycles [8]. Heterocyclic 
compounds occur very extensively in nature and are 
essential to life. Among a large variety of 
heterocyclic compounds, heterocycles containing 
phthalazine moiety [9,10]  are of importance because 
they show some pharmacological and biological 
activities [11]. Phthalazine derivatives which have 
two bridgehead nitrogen atoms in a fused ring system 
were reported several activities such as 
anticonvulsant [12], cardiotonic [13], and 
vasorelaxant activities [14-18], cytotoxic [19], 
antimicrobial [20], antifungal [21], anticancer [22] 
and anti-inflammatory [23]. Moreover, these 
compounds exhibited good promise as new 
luminescent materials or fluorescence probes [24]. 
Despite the available methods, the development of 
new synthetic methods for the efficient preparation of 
heterocycles containing phthalazine ring fragment is 
therefore an interesting challenge. 
 
Therefore, a number of methods have been reported 
for the synthesis of phthalazine derivatives. Recently,  
 
three-component reactions of Dimedone (5, 5-
dimethylcyclohexane- 1,3-dione), aromatic aldehyde, 
and phthalhydrazide to give 2H-indazolo[2,1-b] 
phthalazine-triones have attracted the interest of the 
synthetic community. Various catalytic systems 
including p-TSA [25], Me3SiCl [26], silica sulfuric 
acid [27], H2SO4 [28], cyanuric chloride [29], 
heteropolyacids [30], and N-halo sulfonamides [31] 
have been reported. The direct four-component 
condensations have also been achieved by employing 
Ce (SO4)2⋅4H2O [32], sulfuric acid-modified PEG-
6000 [33] under solvent-free conditions. However, 
some of these methods suffered from several 
drawbacks such as hazardous organic solvents, high 
cost, long reaction time, use of stoichiometric and 
excess amounts of acids. Therefore, the development 
of a new, efficient, and environment-friendly 
procedure is still in demand.  
 
Now a days, the catalytic activity of Cesium chloride 
is useful as an efficient, reusable for sulfonylation 
and desulfonylation of heteroatom’s, acid imparting 
high regio and chemo selectivity in chemical 
reaction, it is active for the transesterification of 
diethyl carbonate by different alcohols and diols with 
an activity nearly independent of the structure of the 
substrate. 
 
RESULT AND DISCUSSION: 
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We initially focused on optimization reaction 
condition. The reaction mixture of Phthalic 
anhydride, hydrazine hydrate, Dimedone and 
different substituted aromatic aldehydes was refluxed 
independently in ethanol using Cesium chloride as an 
efficient and novel catalyst,  was considered as a 
model reaction (Scheme 1) for investigating the 
effectiveness of different polar and non polar solvent 
using catalytic amount of Cesium chloride (15 
mol%). Solvent optimization clearly noted that 
ethanol is the best solvent for the desired 
transformation due to fast reaction rate and high yield 
(Table1, entry 6). The other polar  protic solvents 
gives moderate yield (Table1, entry 5).While other 
aprotic solvent like DCM, Acetonitrile, THF, DMF, 
displayed slow reaction rates leading lower yield 
(Table1, entry 1-4).  
We have carried out the model reaction using 
different stoichiometric amount of catalyst. The 
catalyst screening result are summarized in Table 
2. It was observed that the excellent yield was 
achieved by using 15 mol% of Cesium chloride 
(Table 2, entry 5). 
Further  investigating the influence of  different 
parameters on the model reaction, we turned our 
attention towards the 13-substituted derivatives of 
2,3,4,13-tetrahydr-13-phenyl-3,3-dimethyl-1H-
indazolo [1,2-b] phthalazine-1,6,11-trione (5a-e)  
using one pot four component reaction of Phthalic 
anhydride (1), hydrazine hydrate (2), Dimedone (3)  
and different substituted aldehydes (4a-e), was 
refluxed independently in ethanol using Cesium 
chloride, and  the result are summarized in Table 3. 
With the both electron-poor and electron-rich 
benzaldhydes (Table 3, entries 1-3 and 4-5 ), the 
corresponding 13-substituted derivatives of 2,3,4,13-
tetrahydr-13-phenyl-3,3-dimethyl-1H-indazolo [1,2-
b] phthalazine-1,6,11-trione (5a-e), were obtained to 
excellent yields.  These synthesized products (5a-e) 
were characterized from IR, 1H-NMR, Mass and 13C-
NMR spectroscopic technique and also elemental 
analysis.  
The Cesium Chloride acting as phase transfer catalyst 
that’s why reaction mechanism was accelerated, we  
proposed tentative plausible mechanism for the 
formation of 2,3,4,13-Tetrahydr-13-phenyl-3,3-
dimethyl-1H-indazolo [1,2-b] phthalazine-1,6,11-
trione (5a-e), in the presence of Cesium chloride. The 
overall, mechanism takes place according to 
Knoevenagels-Micheal reaction (Scheme-II). 
Table 1: Optimization of the reaction conditions using different solvents.[a] 
 
Entry Solvent Reaction Time (h) Yield (%)[b] 
1 DCM 6.0 30 
2 Acetonitrile 7.5 38 
3 DMF  8.0 40 
4 THF 6.0 45 
5 Ethylene glycol 5.5 68 
6 Ethanol 4.0 82 
[a] Reaction conditions: Phthalic anhydride(1 mmol), hydrazine hydrate(1 mmol), dimedone (1 mmol) and different 
substituted aldehydes(1 mmol)  was refluxed at 600 C. 
 [b] Isolated yields. 
Table 2: Optimization Study for the amount of Cesium Chloride.[a] 
Entry Catalyst 
(mole %) 
Temperature 
(0C) 
Reaction Time  
(h) 
Yield 
%[b] 
1 01 60 4.0 42 
2 02 60 5.0 50 
3 05 60 4.0 60 
4 08 60 5.0 68 
5 10 60 4.0 75 
6 15 60 5.0 82 
7 20 60 4.0 82 
[a] Reaction conditions: Phthalic anhydride(1 mmol), hydrazine hydrate(1 mmol), dimedone (1 mmol) and different 
substituted aldehydes(1 mmol)  was refluxed at 600 C  
 [b] Isolated yields. 
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Table 3: Four component reaction of Phthalic anhydride (1), hydrazine hydrate (2), dimedone (3),   aromatic 
aldehydes (4a-e), and for the synthesis of (5a-4e).[a] 
Entry Aldehyde 
(3a-e) 
Products 
(4a-4e) 
Time  
(h) 
Yield 
(%)[b] 
M.P. 
(0C) 
 
1 
 
 
 
3.0 
 
70 
 
205-207 
 
2 
 
 
 
 
 
 
3.5 
 
82 
 
265-267 
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3 
 
 
 
4.0 
 
80 
 
261-263 
 
4 
 
 
 
3.5 
 
78 
 
224-226 
 
5 
 
 
 
3.0 
 
76 
 
207-209 
[a] Reaction conditions: (1) (1 mmol), (2)  (1 mmol), (3) (1 mmol), (4a-e) (1 mmol)  and ethanol in Cesium Chloride  
were refluxed at 60o.   [b] Isolated yields. 
EXPERIMENTAL: 
Open capillary tubes were used for melting points of 
isolated synthesized compounds and are uncorrected. 
Perkin-Elmer FTIR spectrophotometer was used for 
IR (KBr) spectra of compounds. Mass spectral data 
were recorded on liquid chromatography mass 
spectrometer (Shimadzu 2010Ev) using ESI probe. 
The 1H and 13C NMR spectra were recorded on 
various spectrometers at 300 & 400MHz using TMS 
as an internal standard. 
 
General procedure for the synthesis of 13-
substituted derivatives of 2,3,4,13-Tetrahydro-13-
phenyl-3,3-Dimethyl-1H-indazolo[1,2-b] 
phthalazine-1,6,11 trione (5a-e) :  
A mixture of Phthalic anhydride (1), Hydrazine 
hydrate (2), Dimedone (10 mmol) (3) was refluxed 
independently in ethanol and Cesium Chloride with 
different substituted aromatic aldehydes (4a-e), to 
afford the respective products (5a-e). The reaction 
mixture was cooled to room temperature and poured 
into ice cold water. The solid obtained was filtered, 
washed with water and recrystallized by ethanol to 
give (5a-e). The reaction was monitored by TLC. 
These synthesized compounds (5a-e) were 
completely characterized from IR, 1H-NMR, Mass 
and 13C-NMR spectroscopic technique and also 
elemental analysis.  
Spectral Analysis:  
2,3,4,13-Tetrahydro-13-phenyl-3,3-Dimethyl-1H-
indazolo[1,2-b]phthalazine-1,6,11-trione (5a) : 
M.P. 205-207 0C, Yield 70 %. IR (KBr, νmax, cm-1 ) 
2930, 1650, 1620, 1340, 1282, 730;  1H NMR 
(400MHz, DMSO-d6 , ppm )  δ 8.30-8.25 (m, 1H), 
8.26-8.22 (m, 1H), 7.80-6.72 (m, 5H, Ar-H), 6.40 (s, 
1H, Ar-CH), 3.60 (s, 3H), 3.45 and 3.24 (AB system, 
J = 19.1 Hz, 2H), 2.35 (s, 2H), 1.20 (s, 3H), 1.30 (s, 
3H); EI-MS (m/z: RA %): 372 (M+., 100% ). 
Elemental analysis Calculated data for C23H20N2O3 ; 
C, 73.24; N, 08.13. Found: C, 73.22; N, 08.11.  
 
2,3,4,13-Tetrahydro-13-(4-Bromo-phenyl)-3,3-
dimethyl-1H-indazolo[1,2-b]phthalazine-1,6,11-
trione (5b) : 
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M.P. 265-267 0C , Yield 82 %. IR (KBr, νmax , cm-1 ) 
2950, 2880, 1654, 1352, 1286; 1H NMR (400MHz, 
DMSO-d6 , ppm ) δ 8.30-8.35 (m, 1H), 8.29- 8.26 (m, 
1H),7.82-7.89 (m, 2H), 7.12–7.55 (m, 4H, Ar-H), 
6.45 (s, 1H Ar-CH), 3.42 and 3.68 (AB system, J = 
19.0 Hz, 2H), 2.40 (s, 2H), 1.25 (s, 3H), 1.19 (s, 3H); 
13C NMR (400 MHz, DMSO–d6, ppm ): δ 192.0, 
158.0, 154.0, 151.9, 135.5, 131.6, 130.5, 128.2, 
127.6., Elemental analysis calculated data for 
C21H15BrN2O3; C, 59.58; N, 06.65 . Found: C, 59.56; 
N, 06.53.  
 
2,3,4,13-Tetrahydro-13-(4-Chloro-phenyl)-3,3-
dimethyl-1H-indazolo[1,2-b]phthalazine-1,6,11-
trione (5c) : 
M.P. 261-263 0C, Yield 80% .IR (KBr, νmax, cm-1 ) 
2960, 1665, 1629, 1365, 1320, 1253, 796; 1H NMR 
(400MHz, DMSO-d6 , ppm )  δ  8.22-8.40 (m, 2H), 
7.82-7.89 (m, 2H), 7.25-7.38 (m, 4H, Ar-H), 6.45 (s, 
1H, Ar-CH), 3.20 and 3.42 (AB-q system, J = 19.04 
Hz, 2H), 2.35 (s, 2H), 1.20 (s, 3H, CH3), 0.98 (s, 3H, 
CH3) ; EI-MS (m/z: RA %): 406 (M+., 100% ); 13C 
NMR (400 MHz, DMSO–d6, ppm ) δ: 194.1, 162.6, 
150.7, 149.0, 144.2, 136.6, 134.0, 130.7, 128.1,128.0, 
127.6, 114.2, 66.3, 55.8, 40.2, 29.5, 27.6.  Elemental 
analysis calculated data for C23H19ClN2O3  ; C, 67.90; 
N, 06.89. Found: C, 67.92; N, 06.91.  
 
2,3,4,13-Tetrahydro-13-(4-nitro-phenyl)-3,3-
Dimethyl-1H-indazolo[1,2-b]phthalazine-1,6,11-
trione  (5d) : 
M.P. 224-226 0C, Yield 78%. IR (KBr, νmax, cm-1 ) 
3010, 2960, 1697, 1590, 1380, 1350, 1260, 845; 1H 
NMR (400MHz, DMSO-d6 , ppm ) δ  8.20-8.40 (m, 
2H), 7.84-7.90 (m, 2H), 7.25-7.65 (m, 4H, Ar-H), 
6.49 (s, 1H, Ar-CH), 3.20 and 3.45 (AB-q system, J = 
21.2 Hz, 2H), 2.50 (s, 2H), 1.20 (s, 3H, CH3), 1.18 
(s, 3H, CH3); EI-MS (m/z: RA %): 417 (M+. , 100),. 
13C NMR (400 MHz, DMSO–d6, ppm )  δ 193.1, 
163.9, 150.4, 149.4, 144.2, 141.8, 130.7, 130.7, 
129.0, 124.6, 123.0, 115.9, 64.1, 50.7, 40.9, 29.2, 
27.3; Elemental analysis calculated data for 
C23H19N3O5  ; C, 66.19; N, 10.07. Found: C, 66.21; N, 
10.09.  
 
2,3,4,13-Tetrahydro-13-(4-Methoxy-phenyl)-3,3-
dimethyl-1H-indazolo[1,2-b]phthalazine-1,6,11-
trione (5e) : 
M.P. 207-209 0C, Yield 76%.IR (KBr, νmax, cm-1 ) 
3012, 2895, 1662, 1499, 1367, 1309, 1268, 795); 1H 
NMR (400MHz, DMSO-d6 / ppm ) δ  8.20-8.40 (m, 
2H), 7.81-7.89(m, 2H), 6.75-7.14 (m, 4H, Ar-H), 
6.38 (s, 1H, Ar-CH), 3.63 (s, 3H, OCH3), 3.16 and 
3.45 (AB-q system, J = 19.1 Hz, 2H), 2.44 (s, 2H), 
1.09 (s, 3H, CH3), 1.04 (s, 3H, CH3); EI-MS (m/z: 
RA %): 402 (M+. +1, 100%),. 13C NMR (400 MHz, 
DMSO–d6, ppm) δ: 192.5, 163.2, 154.6, 158.2, 145.6, 
138.2, 131.4, 129.9, 128.4, 127.2. 116.8, 110.4, 56.1, 
52.1, 44.0, 32.6, 29.0, 27.8. Elemental analysis 
calculated data for C24H22N2O4  ; C, 71.62; N, 06.95. 
Found: C, 71.65; N, 06.97.  
 
Biological Activity:  
Antioxidant Activity:  
A) DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 
scavenging assay: 
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 
scavenging assay was performed as per earlier 
reported method. The reaction cocktail was prepared 
by mixing individual newly synthesized organic 
compounds is added to equal volume of 0.1 mM 
solution  of DPPH radical in absolute  ethanol. After 
20 minutes of incubation at room temperature, the 
DPPH reduction was calculated by reading the 
absorbance at 517 nm using UV-Visible 
spectrophotometer. Ascorbic acid (1mM) was used as 
reference compound. 
The compound (5b and 5d) shows remarkable 
antioxidant activity against DDPH radical scavenging 
activity with reference of ascorbic acid (91.4 ±0.021).   
 
B) OH radical scavenging assay: 
Hydroxy radicals scavenging activity was measured 
with Fenton’s reaction (Rollet –Labelle et al., 1998). 
The reaction mixture contained 60 µl of FeCl2 
(1mM), 90 µl of 1,10-phenanthroline(1mM), 2.4 ml 
of phosphate buffer (pH 7.8),150 µl of 0.17M H2O2 
and 1.5 ml of individual newly synthesized organic 
compounds (1mM). The reaction mixture was kept at 
room temperature for 5 minutes incubation and the 
absorbance was recorded at 560 nm using UV-
Visible spectrophotometer. Ascorbic acid (1mM) was 
used as the reference compound. 
The compound (5b, 5c and 5d) shows good OH 
radical scavenging activity as compared with 
Ascorbic acid (89.5 ± 0.021).  
 
 
 
IAJPS 2017, 4 (12), 4272-4279                     Vijay N. Bhosale et al                    ISSN 2349-7750 
 
 
w w w . i a j p s . c o m  
 
Page 4278 
Table 4:  Antioxidant activity of tested compounds (5a-5e). 
 
Entry 
 
Compound 
Code 
% Radical scavenging activity 
DPPH radical 
scavenging 
OH radical scavenging 
    
1 5a 40.2 ± 0.60 51.1 ± 1.22 
2 5b 80.6 ± 0.82 84.0 ± 1.60 
3 5c 78.2 ± 1.84 82.2 ± 1.06 
4 5d 88.4 ± 1.36 86.9 ± 0.21 
5 5e 65.4 ± 0.30 70.2 ± 1.25 
6 Ascorbic Acid 
(Standard) 
91.4 ± 0.021 89.5 ± 0.021 
 
 
CONCLUSION: 
In conclusion, we have developed an efficient, green  
and easy protocol for synthesis of   13-substituted 
derivatives of 2,3,4,13-Tetrahydro-13-phenyl-3,3-
Dimethyl-1H-indazolo[1,2-b] phthalazine-1,6,11 
trione by reaction of corresponding substituted 
aldehydes, phthalic anhydride, hydrazine hydrate, 
and Dimedone  in presence Cesium Chloride in 
ethanol. The product can be easily isolated by simple 
workup technique, short time, less expensive, 
requires ambient reaction condition, and give 
excellent yield. Among these synthesized compounds 
shows potent Antioxidant activity. 
 
ACKNOWLEDGEMENTS: 
Authors are grateful to Principal, Yeshwant 
Mahavidyalaya, Nanded for providing laboratory 
facilities, UGC, New Delhi (File no.41-230/2012) 
(SR) for financial support and The Director, Panjab 
University, Chandigarh for providing spectra. 
 
REFERENCES: 
1.Bienayme H,; Hulme C,; Oddon G. Chem Eur J, 
2000; 6: 3321. 
2.Ulaczyk-Lesanko A;, Hall D G. Wanted: New 
multicomponent reactions for generating libraries of 
polycyclic natural products. Curr Opin Chem Biol, 
2005; 9: 266. 
3.Simon C,; Constantieux T,; Rodriguez J. Utilisation 
of 1,3-dicarbonyl derivatives in multicomponent 
reactions. Eur J Org Chem, 2004; 4957. 
4.Orru R V A,; de Greef M. Recent advances in 
solution-phase multicomponent methodology for the 
synthesis of heterocyclic compounds Synthesis, 2003, 
1471. 
5. Zhu J,; Bienayme H. Multicomponent Reactions. 
Wiley-VCH: Weinheim, 2005. 
6. Dömling A. Recent developments in isocyanide 
based multicomponent reactions in applied 
chemistry. Chem Rev, 2006; 106: 17. 
7.Ramón D J, ;Yus M. Asymmetric multicomponent 
reactions (AMCRs): The new frontier. Angew Chem 
Int Ed, 2005, 44: 1602. 
8. (a) Vaughan, W. R. Chem. Rev. 1948, 48, 447-
508. (b) Clement, R. A. J. Org. Chem. 1960, 25, 
1724-1727. (c) Heine, H. W.; Henrie, R.; Heitz, L.; 
Kovvali, S. R. J. Org. Chem. 1974, 39, 3187. 
9. (a) Al-Assar, F.; Zelenin, K. N.; Lesiovskaya, E. 
E.; Bezhan, I. P.; Chakchir, B. A. Pharm. Chem. J. 
2002, 36, 598-603. (b) Jain, R. P.; Vederas, J. C. 
Bioorg. Med. Chem. Lett. 2004, 14, 3655. 
10.Carling, R. W.; Moore, K. W.; Street, L. J.; Wild, 
D.; Isted, C.; Leeson, P. D.; Thomas, S.; O’Connor, 
D.; Mckernan, R. M.; Quirk, K.; Cook, S. M.; Atack, 
J. R.; Wafford, K. A.; Thompson, S. A.; Dawson, G. 
R.; Ferris, P.; Castro, J. L. J. Med. Chem. 2004, 47, 
1807. 
11.Grasso, S.; De Sarro, G.; De Sarro, A.; Micale, N.; 
Zappala, M.; Puja, G.; Baraldi, M.; De Micheli, C. J. 
Med. Chem. 2000, 43, 2851. 
12. Nomoto, Y.; Obase, H.; Takai, H.; Teranishi, M.; 
Nakamura, J.;  Kubo, K. Chem. Pharm. Bull. 1990, 
38, 2179. 
13.Watanabe, N.; Kabasawa, Y.; Takase, Y.; 
Matsukura, M.; Miyazaki, K.; Ishihara, H.; Kodama, 
K.; Adachi, H. J. Med. Chem. 1998, 41, 3367. 
IAJPS 2017, 4 (12), 4272-4279                     Vijay N. Bhosale et al                    ISSN 2349-7750 
 
 
w w w . i a j p s . c o m  
 
Page 4279 
14. Potts, K. T. and Lovelette, C. J. Org. Chem. 1969, 
34, 3221.  
15. Ryu, C. K.; Park, R. E.; Ma, M. Y.; Nho, J. H. 
Bioorg. Med. Chem. Lett. 2007, 17, 2577. 
16. Laszlo, P. In Organic Reactions: Simplicity and 
Logic, Wiley- VCH: New York, 1995 
17.Habibi, A.; Lori, E. S.; Shockravi, A. Tetrahedron 
Lett. 2009, 50, 1075. 
18. (a) Anastas, P. T.; Warner, J. C. In Green 
Chemistry: Theory and Practice, Oxford University 
Press: Oxford, 1998. (b) Anastas, P. T.; Williamson, 
T. In Green Chemistry: Frontiers in Benign Chemical 
Synthesis and Process, Oxford University Press: 
Oxford, 1998. 
19. Kim, J. S. ; Rhee, H. K. ; Park, H. J. ; Lee, S. K. ; 
Lee, C. O. ; Park Choo, H. Y. Bioorg. Med.Chem. 
2008, 16 , 4545. 
20. El-Sakka, S. S. ; Soliman, A. H. ; Imam, A. M. 
Afinidad 2009, 66 , 167. 
21. Ryu, C. K. ; Park, R. E. ; Ma, M. Y. ; Nho, J. H. ; 
Bioorg. Med. Chem. Lett. 2007, 17 , 2577. 
22. Li, J. ; Zhao, Y. F. ; Yuan, X. Y. ; Xu, J. X. ; 
Gong, P. Molecules 2006, 11 , 574. 
23. Sinkkonen, J. ; Ovcharenko, V.; Zelenin, K. N. ;. 
Bezhan, I. P ; Chakchir, B. A. ; Al-Assar, F.; Pihlaja, 
K. Eur. J. Org. Chem. 2002. 2046.  
24. Wu, H.;. Chen, X. M; Wan, Y. ; Xin, H. Q. ; Xu, 
H. H. ; Ma, R. ; Yue, C. H. ; Pang, L. L. Lett.Org. 
Chem. 2009, 6 , 219. 
25. M. Sayyafi, M. Seyyedhamzeh, H. R. Khavasi, 
and A. Bazgir, “One-pot, three-component route to 
2H-indazolo[2,1-b]phthalazine-triones,” Tetrahedron, 
2008,  64,  10,  2375. 
26. L. Nagarapu, R. Bantu, and H. B. Mereyala, 
“TMSCl-mediated one-pot, three-component 
synthesis of 2H-indazolo[2,1-b]phthalazine-triones,” 
Journal of Heterocyclic Chemistry, 2009, 46,  4, 728.  
27. H. R. Shaterian,M. Ghashang, and M. Feyzi, 
“Silica sulfuric acid as an efficient catalyst for the 
preparation of 2H-indazolo[2,1-b] phthalazine-
triones,” Applied Catalysis A, 2008 345,  2, 128.  
28. J. M. Khurana and D. Magoo, “Efficient one-pot 
syntheses of 2H-indazolo[2,1-b] phthalazine-triones 
by catalytic H2SO4 in water-ethanol or ionic liquid,” 
Tetrahedron Letters, 2009 , 50,  52, 7300. 
29. X. Wang,; W.W.Ma,;  L. Q. Wu, and F. L. Yan. 
Journal of the Chinese Chemical Society, 2010, 57, 
1341.  
30. H. J. Wang, X. N. Zhang, and Z. H. Zhang, 
“Highly efficient three-component synthesis of 1H-
indazolo[1,2-b] phthalazinetrione derivatives 
catalyzed by heteropolyacids,” Monatshefte f¨ur 
Chemie, 2010,  141,  4,  425. 
31.R. Ghorbani-Vaghei, R. Karimi-Nami, Z. 
Toghraei-Semiromi, M. Amiri, and M. Ghavidel, 
“One-pot synthesis of aliphatic and aromatic 2H-
indazolo[2,1-b]phthalazine-triones catalyzed by N-
halosulfonamides under solvent-free conditions,” 
Tetrahedron, 2011,  67, 10, 1930. 
32. E. Mosaddegh and A. Hassankhani, “A rapid, 
one-pot, fourcomponent route to 2H-indazolo[2,1-b] 
phthalazine-triones,” Tetrahedron Letters, 2011,  vol. 
52,  4, 488. 
33. A. Hasaninejed, M. R. Kazerooni, and A. Zare, 
“Solventfree, one-pot, four-component synthesis of 
2H-indazolo[2,1-b] phthalazine-triones using sulfuric 
acid-modified PEG-6000 as a green recyclable and 
biodegradable polymeric catalyst,” Catalysis Today, 
2012, 196,  1,148. 
 
